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Background: patients with lipodermatosclerosis (LDS) due to chronic venous disease (CVD) of the lower limb show
proliferation and convolution of their skin capillaries. There has been no previous attempt to quantify the severity of venous
disease according to the extent of morphological change.
Aim: to quantify capillary damage in patients with CVD using capillary microscopy.
Method: 132 patients attending the vascular clinic for management of CVD were examined clinically and by duplex
ultrasonography; they were assigned to the appropriate CEAP clinical stage by a surgeon. Ten control subjects with no
arterial or venous disease of the lower limb were also studied. Digital images of the skin microcirculation were obtained
using a CAM1 microscope. In patients with skin changes the most severe regions of LDS were studied. In all other subjects
the region 5 cm proximal to the medial malleolus was investigated. The total number of visible capillaries and capillary
convolutions was counted in a 2.4 mm2 region.
Results: the more advanced stages are associated with the reduced numbers of capillaries. The number of convolutions is
greatly increased in the more severe stages, C4b and C5. These have been graded in four classes. The capillary counts (per
square mm) and convolutions per capillary in C0, C2 and C5 patients are 8(6±11), 1(1±1); 6(4±9), 1(1±2); 3(3±4), 7(6±8),
respectively.
Conclusions: amongst patients with venous disease, capillary convolution is strongly associated with the more severe
stages (LDS and healed ulceration), which can reliably be reproduced by capillary microscope.
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Introduction
Venous valvular incompetence of lower limb veins
leads to chronic venous disease (CVD). This may
result in symptoms varying from uncomplicated vari-
cose veins to oedema, liposclerotic skin changes and
ulceration. A recent epidemiological study found that
varicose veins arise in 40% of men and 32% of women,
with skin changes attributable to venous disease in 9%
of men and 7% of women, a risk that increases with
age.1 In the U.K., 150±200 000 patients receive treat-
ment at any one time for leg ulceration. An estimated
population 12 millions is at risk of ulceration.2±4
Diseased or functionally incompetent valves no
longer offer protection against the high hydrostatic
pressure of lower limb veins; therefore, the small
veins, venules and skin capillaries are exposed to
venous hypertension. As the functional abnormality
of the venous system worsens the risk of skin changes
and ulceration increases,5 but by no means all patients
with venous hypertension will develop skin changes.
Microangiopathy of CVD has been demonstrated his-
tologically6 and by capillary microscopy which shows
enlarged, dilated, coiled and ramified capillaries, sur-
rounded by enlarged pericapillary spaces (halos)7,8
and reduced capillary numbers, microvascular throm-
bosis, obliteration of and increased permeability of
microlymphatics9 depending on the severity of the
CVD. It has been suggested that cutaneous micro-
angiopathy precedes the development of trophic skin
alterations due to chronic venous congestion and the
clinical degree of skin changes and the severity of
microangiopathy are closely related.10,11
Although the changes of cutaneous microangio-
pathy have been described no quantitative method of
grading the severity has been described.
The aim of my study was to develop a reliable method
of quantifying the microangiopathy of venous disease
and to relate this to the patients' CEAP clinical stage.12
This paper was presented in Surgical Research Society (SRS) meet-
ing, April 2001, Birmingham. Abstract was published in British
Journal of Surgery, vol 88, suppl. 1, May 2001.Please address all correspondence to: Mr Philip Coleridge Smith,
Wexham Park Hall, Wexham Street, Wexham SL3 6NB, U.K.
y SpR Cardiothoracic surgery, St. George's Hospital, London SW17
0QT, U.K.
Eur J Vasc Endovasc Surg 26, 325±331 (2003)
doi:10.1016/S1078-5884(03)00248-X, available online at http://www.sciencedirect.com on
1078±5884/03/030325 07 $35.00/0 # 2003 Elsevier Science Ltd. All rights reserved.
Methodology
Approval was obtained from UCL Medical School
Committee for medical ethics for the study and
patients gave informed written consent for inclusion
in the study. Patients with CVD were recruited from
the vascular clinic at The Middlesex Hospital and
normal volunteers comprised of the members of the
staff, patients treated for unrelated conditions and
normal healthy volunteers from the general public. A
medical history was taken and clinical examination
was performed. Patients assigned to appropriate
CEAP clinical stages by a surgeon experienced in the
management of venous disease. All patients under-
went a venous Duplex examination and photoplethys-
mography to establish the extent of venous reflux and
its anatomical locations.
In total 132 patients and 10 healthy subjects (C0)
without any history of previous venous disease were
studied. We subdivided CEAP clinical stage C4
patients into C4a with haemosiderosis and venous
eczema and C4b with lipodermatosclerosis (LDS). All
patients over the age of 18 years were included unless
any of the exclusion criteria listed in Table 1 were
present.
Capillary Videomicroscope
The CAM1 Capillary Anemometer (KK Technology,
U.K.) has a high resolution (752 582 pixel) mono-
chrome charge-coupled device (CCD) video camera
(1A). Four ultra-bright light emitting diodes (LEDs)
epi-illuminate the skin with a peak wavelength of
525 nm (green). A microscope is attached to a heavy
support to allow three-dimensional adaptations to the
skin surface. The skin is viewed through an acrylic
disc, which is placed in contact with the skin. The
image is magnified by 6.3 times to give an overall
magnification of about 1.23 mm/pixel. The standard
CCIR video signal is digitised and displayed by a
Matrox Pulsar frame grabber in the PC at 25 frames
per second.
Procedure
The study was conducted in an environmental cham-
ber at 22C. Patients and controls acclimatised for 10±
20 min before the start of the experimental protocol
lying supine. A small amount of liquid paraffin wiped
over the examination area to reduce specular reflec-
tion from the skin surface. In each patient and volun-
teer the supra-malleolar skin 5 cm proximal to the
medial malleolus or the region most severely affected
by LDS in patients with venous disease was investi-
gated (Fig. 1B). This was done first with the volunteer
Table 1. Exclusion criteria for the study.
Patients treated for venous disease within 3 months
Diabetes mellitus
Any concomitant active disease (judged as clinically significant by
the investigator)
Patients treated with vasoactive drugs
Deep venous thrombosis within the past 12 months
Superficial venous thrombosis within 3 weeks
Significant peripheral vascular diseases (ABPI5 0.8)
Infection or inflammation of non-venous origin in legs
Fig. 1. The CAM1 capillary microscope showing the investigator studying the supramalleolar region in a seated patient.
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lying supine. Following this, subjects were asked to sit
on a stool (to maintain comfort and balance) with their
legs dependent for 10±20 min (enough time to be
allowed for the venous pressure to rise) before taking
further images (Fig. 1B). Recordings were made in the
same region of the limb as before. At least four repre-
sentative areas of capillaries were studied in each
limb. Images of the capillaries were recorded digitally
for subsequent morphometric analysis by two
observers.
Capillary Density and Morphology
The capillary density (number of capillaries per unit
area) as well as the complexity of the capillary morph-
ology was evaluated. All clearly identifiable capillary
loops in a field were considered to be part of the total
capillary count for that area. These were considered to
be `` visible capillaries''. Due to the fact that not all
parts of every capillary were in focus or within the
image, not all of the visible capillaries could be eval-
uated for their morphology. Only those capillaries,
which were clearly visible, were considered to be
`` evaluable''. The total number of visible capillaries
was counted in a 2.4 mm2 region, where, one field is
0.6 mm2. Within each capillary, the number of convo-
lutions was also counted. Capillary density was deter-
mined by counting the number of capillaries (as
shown in Fig. 2) seen in an area of 1 mm2 of skin.
Morphology was assessed by counting the number
of `` convolutions'' or loops per evaluable capillary.
We counted a 180-degree reversal of direction as a
convolution (Fig. 2). The number of convolutions for
each evaluable loop was counted, but scored as `` more
than 10'' where, complex capillaries contained more
than 10 loops. This has also been illustrated in Figure 3.
For the purposes of analysis of agreement by the
kappa statistic a `` capillary grade'' was assigned to
each evaluable capillary according to this system:
Grade 11±2 loops
Grade 2 3±5 loops
Grade 3 6±10 loops
Grade 4 410 loops
Each capillary image was analysed independently
and scored for morphology by two, the two authors
who have expertise in the field of video capillary
microscopy with their results remaining unknown to
each other. Observer bias has been overcome by the
use of a computerised recording system in which the
observers viewed only the capillary images after all
examinations had been completed and therefore had
no direct information concerning the clinical condition
of the patients.
In a number of preliminary studies, the authors
devised criteria that would be applied in the capillary
counting. We found that we could easily reach agree-
ment on the number of convolutions per capillary. We
then embarked on the study to confirm the agreement
between independent observations. The data from
Fig. 2. Single and multi-looped capillaries, we a counted a capil-
lary with a single loop as having one convolution. In multi-looped
capillaries each loop was counted as a convolution of that capil-
lary where, the direction of the vessel changes by 180 or more.
Fig. 3. Capillary microscope photographs from two patients with
healed venous ulcers (C5) who showed glomerulus like capillaries
in their skin. The number of capillary convolutions was too large to
be counted reliably.
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two observers were examined and the kappa statistic
calculated to measure the agreement between the two
observers.
Statistical Analysis
The data descriptors used here at the median and
interquartile range for all parameters. The kappa
measure of agreement is used for analysis of agree-
ment between observers. The maximum value of
kappa is 1, which represents perfect agreement, and
kappa will take the value zero if there is only chance
agreement. In order to undertake kappa analysis it
was necessary to categorise the number of loops per
capillary into four categories, as described above.
The coefficient of variation (CV) has been calculated
to assess the agreement between observers for the
numbers of `` visible'' and `` evaluable'' capillary counts.
Results
Table 2 shows the CEAP distribution and demographic
data of all patients studied. The age distribution is
similar in each of the clinical stages, however, C1, C2
and C3 have more female patients whereas C4 and C5
have more men. Some images taken from patients
were of too poor quality for detailed analysis. The
data from 95 patients only was included in the
detailed analysis presented here.
All data are summarised in Table 3 where, the
observations of both observers are compared, with
the patients both in the sitting and supine positions.
In keeping with previous literature the capillary
counts were reduced in the patients with the more
severe venous disease. In addition, the authors'
index of capillary complexity increased in the more
severe groups of patients. The number of capillary
loops rose considerably in the patients of CEAP, clin-
ical stages 4 and 5. The agreement between observers
for this parameter in shown in Table 4 where, a value
of kappa of 0.95 was obtained, confirming that the
definitions of capillary complexity established by the
authors in this study are robust.
The agreement between observers for the number of
visible capillaries and evaluable capillaries was also
assessed for variability between the two observers by
calculating the CV. CV for number of visible capil-
laries between observers were 14% and for evaluable
capillaries 16%.
Comparison of capillary counts with the patient
sitting with the legs dependent showed no material
difference from the observations made with the
patient lying supine (Table 5).
Discussion
This study investigates whether it is possible to quan-
tify the morphological changes in skin capillaries seen
by capillary microscopy. Capillary morphology has
been described in a number of previous papers,13±17
but without quantification of the changes. In severe
stages of CVI and ulcer patients, reduced capillary
density due to capillary thrombosis and tortuous
capillary tufts were observed.17,18 In severe CVI,
capillary density has been reported to less than
10 capillaries mmÿ2 Extremely tortuous microvessels
resembling glomeruli, obliterations of vessels or avas-
cular fields are frequent in severe CVI.16 Atrophie
blanche are avascular and bordered with enlarged
tortuous capillary loops and capillaries remote to atro-
phie blanche show less altered morphology.13
We have shown that that capillary microscopy is
reliable in analysing the density of skin capillaries
and in assessing morphological changes based on pre-
defined rules of what constituted a capillary convolu-
tion. Clearly, very complex capillary formations
required simplification in order to reflect the need to
agree on a classification. In patients, with advanced
venous disease in whom capillary `` glomeruli'' are
Table 2. Distribution of subjects according to age, sex and clinical, etiologic, anatomic, pathologic (CEAP)
stage.
Stage and
number
Sex
distribution
Age (years,
mean value
and range)
No. with superficial
venous insufficiency
No. with deep and
superficialvenous
insufficiency
C0 (n 10) 6F, 4M 43 (32±56)
C1 (n 15) 13F, 2M 56 (53±61)
C2 (n 20) 14F, 6M 53 (47±60) 16 4
C3 (n 15) 12F, 3M 50 (41±59) 11 4
C4a (n 15) 5F, 10M 52 (40±67) 8 7
C4b (n 15) 5F, 10M 64 (55±68) 9 6
C5 (n 15) 5F, 10M 50 (44±65) 7 8
328 M. H. Howlader and P. D. Coleridge Smith
Eur J Vasc Endovasc Surg Vol 26, September 2003
Table 3. Inter-variability of the capillary loop counts in each evaluable capillary of each patient of lower limb venous disease between
different examiners.
CEAP Patient no Median number ofloops per evaluablecapillary Grades as defined
Observer 2 Observer 1 Observer 2 Observer 1
C0 1 1 1 1 1
2 1 1 1 1
3 1 1 1 1
4 1 1 1 1
5 1 1 1 1
6 1 1 1 1
7 1 1 1 1
8 1 1 1 1
9 1 1 1 1
10 1 1 1 1
C1 11 1 1 1 1
12 1 1 1 1
13 1 1 1 1
14 1 1 1 1
15 1 1 1 1
16 1 1 1 1
17 1 1 1 1
18 1 1 1 1
19 1 1 1 1
20 1 1 1 1
C2 21 1 1 1 1
22 2 2 1 1
23 1 1 1 1
24 1 1 1 1
25 1 1 1 1
26 1 1 1 1
27 1 1 1 1
28 1 1 1 1
29 1 1 1 1
30 1 1 1 1
C3 31 1 1 1 1
33 1 1 1 1
34 2 2 1 1
35 1 1 1 1
36 1 1 1 1
37 2 1 1 1
38 1 1 1 1
39 1 1 1 1
40 1 1 1 1
C4a 41 4 4 2 2
42 2 2 1 1
43 4 4 2 2
44 5 5 2 2
45 4 4 2 2
46 1 1 1 1
47 4 4 2 2
48 2 3 1 2
49 4 4 2 2
50 2 2 1 1
C4b 51 4 4 2 2
52 6 6 3 3
53 5 5 2 2
54 3 3 2 2
55 15 15 4 4
56 8 8 3 3
57 5 6 2 3
58 13 13 4 4
59 15 18 4 4
60 15 15 4 4
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seen we overcame the problem of assessing how many
loops there were by using a grading system so that all
such complex capillary masses could be allocated to
the most complex class.
We could have added a further stage to our classi-
fication (Grade 5no visible loops) to include areas of
atrophie blanche where, no capillary loops are visible.
We did not include such areas in this reproducibility
study but for more complete description of skin
changes this could be added.
Comparison of images recorded with the volunteers
supine to those obtained with the limb dependent
showed no difference in the capillary count or com-
plexity of convolution.
The observations from this study concerning capil-
lary counts are similar to those from previous authors
who found reduced capillary counts in patients with
the more severe clinical stages of CVD. In one study,
the mean capillary numbers on supine in controls
were 28.5 mmÿ2 (s.d. 4.9) and on dependency were
26.8 mmÿ2 (s.d. 5). In patients with skin changes the
supine capillary count was 13.1 mmÿ2 (s.d. 7.4) and on
dependency 12.9 mmÿ2 (s.d. 6.9).15 Similarly we found
no change in capillary density measurement with
changes in position. We deliberately included patients
with telangiectases (C1) of the lower limb to assess
whether such patients also show proliferation of capil-
laries in the skin. Telangiectases are much larger than
the capillary loops assessed in this study and we con-
firmed that patients of the C1 group shown no evi-
dence of capillary proliferation. This measurement
remains robust in the identification of the more severe
stages of venous disease.
This method of classification of capillary morph-
ology could be used for quantitative measurement of
capillary study among various centres, having the
advantage of being based on counting capillary con-
volutions rather than on assessing subjective features
of capillary loops. We found that by following a care-
fully defined scoring system good agreement between
independent observers was obtained.
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